Abstract: A long-term fertilizer experiment was initiated in 1971 in sandy loam soil (Eutrochrept) of Barrackpore, West Bengal to study the effects of applying organic and inorganic sources of nutrients on yield of jute-rice-wheat system and soil health. The unfertilized soil supported yields of 0.8 t ha -1 of jute fibre, 1. ). The enzymes assayed showed significant correlation with microbial-C and organic C. Beneficial effects of integrated nutrient management (NPK+FYM) on soil health were reflected on the yields of all the crops.
INTRODUCTION
Intensive cropping with continuous application of only inorganic fertilizers at high doses and indiscriminate use of agrochemicals on soils has resulted in declining yield trend and multinutrient deficiencies in many soils. Long term fertilizer experiments are vital tools to examine the sustainability of modern intensive cropping. These experiments provide valuable information regarding the impact of continuous application of fertilizers in varying combinations on soil health, and crop productivity which can be used for precise monitoring of changes in soil fertility and trends in crop yields (Blair et al., 2006 , Manna et al., 2007 , Li et al., 2010 . The jute-rice-wheat rotation is an important and profitable crop rotation practised in West Bengal, contributing most of the food and responsible for food security of this region. The production of this cropping system, however remain stagnant even after the introduction of high yielding cultivars. Depletion of soil nutrients, inadequate, imbalanced and inefficient use of applied nutrients might be the possible causes of plateau in yield. Balanced application of nutrients through organics and inorganic sources, therefore, will be essential to improve and sustain crop yields and maintain soil fertility. Long term studies have shown that practices like balanced use of fertilizers, organic manuring, residue incorporation, crop rotation, and green manuring improved physical, chemical and biological prop-ISSN : 0974-9411 (Print), 2231-5209 (Online) All Rights Reserved © Applied and Natural Science Foundation www.jans.ansfoundation.org erties of soil (Walia et al., 2010; Sharma and Subehia, 2014) . Soil quality does not depend just on the physical and chemical properties of the soil but also on the biological properties. Enzymes are important soil components involved in dynamics of soil nutrient transformations, and enzyme activity is considered to be a major contributor of overall soil microbial activity (Frankenberger and Dick, 1983 ) and soil quality (Visser and Parkinson, 1992; Dick, 1994) . Among different enzymes, dehydrogenase and phosphatase are important in the transformation of different plant nutrients, and soil enzymatic activity analysis is considered one of the microbiological indicators of soil quality (Winding et al., 2005) . Continuous application of fertilizer and manure has a significant effect on enzyme activity (Masto et al., 2006) . In India, several long term studies have shown wide variability in crop productivity and it is essential to monitor the long term changes in crop yields, soil nutrient status, and nutrient supplying capacity to ensure and improve crop productivity. Relatively less information is available on the trend of yield, nutrient availability and enzymatic activities under long term juterice-wheat rotation (Majumdar et al., 2014) . Therefore, the present study focuses on long term agroecosystem sustainability of jute-rice-wheat system under different fertilizer treatments. The objectives of the present study were to assess the long-term impacts of nutrient management practices on sustainability and soil quality of jute-rice-wheat rotation in the Eastern region of India.
MATERIALS AND METHODS
Site description: All India Coor dinated Resear ch Project on Long Term Fertilizer Experiment with juterice-wheat cropping sequence was initiated in 1971 at the experimental farm of CRIJAF, Barrackpore, located in the eastern region of India (22°45ˈN latitude and 88°26ˈE longitude and a mean elevation of 9 m above mean sea level). The climate of this region is tropical and sub-humid to humid. Average maximum and minimum temperature is 31.1 and 20.8°C, respectively, with average annual rainfall of 1559.9 mm. ) and medium in available K (143 kg ha -1 ). DTPA extractable zinc (Zn), copper (Cu), iron (Fe) and manganese (Mn) were 1.3, 3.6, 31 and 60 ppm, respectively. Experimental design and treatment: The exper iment included three crops per year, jute (April-July), rice (August-November) and wheat (Nov-Mar) with 10 treatment combinations as given in Table 1 . 100% NPK treatment consisted of 60 kg N; 13 kg P; 50kg K per hectare for jute, 120 kg N; 26 kg P; 50kg K per hectare for rice and wheat. The 50% and 150% NPK treatments comprised half and one half times the above doses of N, P and K, respectively. The NPK fertilizers were applied in the form of urea, DAP, SSP, and MOP. All P, K and organics were applied as basal fertilizers whereas N (urea) was applied in half as basal and rest half as top dress. Farmyard manure at the rate of 10 tons ha -1 only once was applied each year before the sowing of jute crop. In the 100% NPK+Zn treatment, Zn was applied as ZnSO 4 at the rate of 10 kg ha -1 before sowing of wheat. 100%NPK+HW (hand weeding) refers to the manual removal of weeds throughout the course of study. In all the treatments, except 100% NPK+HW, weeds were controlled chemically. Soil sampling and analysis: Soil samples wer e collected from 0 to 15 cm layer from all the replications after harvesting of the wheat crop in 2013. The soil samples were analysed for organic carbon (Walkley and Black, 1934) , available N (Subbiah and Asija, 1956 ), available P (Olsen et al., 1954) , available K (Hanway and Heidel, 1952) , DTPA-extractable Cu, Fe, Zn and Mn (Lindsay and Norvell, 1978) , pH (1:2 soil: water suspension) and EC (1:2 soil: water suspension). Dehydrogenase activity was determined by using the method of Klein et al. (1971) . Acid and alkaline phosphatase enzyme activities were determined by the method of Tabatabai and Bremner (1969) . The sustainable yield index (SYI suggested by Singh et al., 1990 ) is defined as SYI = Y − sd /Ymax where SYI is sustainable yield index, Y is the average yield of jute, rice and wheat over years and sd is the standard deviation and Y max is the observed maximum yield in the experiment over the years of cultivation. Analysis of variance (ANOVA) was carried out by using the randomized complete block design. The significant difference among the means of different treatments were analysed by Duncan's multiple-range test using SAS v9.2.
RESULTS AND DISCUSSION
Jute, rice and wheat yield: For yields aver aged over years, the comparison of treatments revealed that the percent yield increase in treated plots over control ranged from 77 to 149% in jute , 79 to 152% in rice and 144 to 288 % in wheat. Mean yields of jute, rice and wheat observed under unfertilized control treatment suggests that the soil of our experimental field is capable of supporting average yield of jute, rice and wheat to the tune of 0.8, 1.5 and 0.7 t ha -1 , respectively without any external application of nutrient inputs. All the crops responded to application of nutrients through inorganic fertilizers, increasing average yield of jute, rice and wheat to 1.9, 3.5 and 2.3 t ha -1 , respectively with 100% NPK. Yield data recorded over the period 1971-2013 clearly demonstrate the superiority of integrated use of FYM with chemical fertilizers, which provided greater stability in crop production as compared to 100% NPK. This could be associated with other benefits of organics apart from N, P and K supply such as improvements in microbial activities, better supply of macro and micro-nutrients such as S, Zn, Cu and B, which are not supplied by inorganic fertilizers and less losses of nutrients from soil (Yadav et al., 2000) . Average fibre yield of jute and the grain yield of rice and wheat obtained with 150% NPK surpassed the yields obtained with 100% NPK+FYM ( The lower jute and rice yields obtained with sulphur free fertilizer treatments as compared to S bearing fertilizer treatments were possibly due to depletion of S reserve in the soil under intensive cropping with S free fertilizers over the years. The SYI values in Table 2 revealed that among various treatments analysed, 150% NPK and 100 % NPK+FYM sustained the jute, rice and wheat yields more than other treatments. SYI value with 150% NPK was comparable to 100% NPK+FYM in all the crops indicating need of organic manuring, besides recommended NPK level of NPK fertilizers for sustaining high crop yields in inceptisols of Barrackpore. The SYI was greatest for jute, followed by rice and wheat, indicating those jute and rice yields are more sustainable than wheat yield. Nutrient uptake: For calculating nutr ient uptake, leaf, bark and wood in jute, and straw and grain in rice and wheat were considered. During all the years N, P and K uptake by jute, rice and wheat was higher in fertilized plots as compared to the unfertilized control. Nitrogen uptake was highest in 150% NPK treatment. Incorporation of farmyard manure (along with chemical NPK fertilizers) increased the N uptake over 100% NPK (Fig.1) . Nitrogen uptake was highest in rice followed by wheat and jute. Uptake of P and K was more in jute and rice whereas it was less in wheat. Data on addition and removal of nutrients (N+P+K) by all three crops revealed that total quantity of nutrients (N, P and K) added were less than the nutrients removed. For N and P, addition of nutrients was observed to be larger than removal. For instance application of nitrogen in 100% NPK treatment (300 kg ha -1 yr -1 ) was larger than the uptake (283.32 kg ha -1 yr -1 ) and the same was true for P. But the reverse was true for K. The uptake of K by all the three crops was much higher (313.65 kg ha Table 4 . Long-term effect of manure and fertilizer use on microbial biomass carbon, microbial quotient and enzymatic activities (Means in a column followed by a common lower case letter are not significantly different by DMRT at P=0.05).
sustainability of the system. Larger application of P than its uptake was reflected by increase in soil P. However, proportional increase in N was not recorded which indicates loss of N from the system. Changes in soil quality parameters: Data pr esented in Table 3 revealed that after the 42 nd cycle of wheat crop, pH of the surface soil increased in comparison to its initial status (pH 7.1). After wheat harvest, the experimental soils had pH 7.50 to 7.66 in 0-15cm and it indicates that continuous application of fertilizers and manures for 42 years increased pH by 0.4 to 0.6 units. The increase in pH may be attributed to more intake of anions like nitrate, phosphate, borate and molybdate besides H + ions by roots and in turn excretion of HCO 3 -and OH -ions in soil solution to maintain electrical neutrality. It is interesting to note that increase in pH was less with application of FYM along with chemical fertilizers as compared to application of chemical fertilizers alone and this might be attributed to production of organic acids during decomposition of organic manures. In addition to this, preferential intake of more monovalent cations by cereals from soil colloids resulting in increased divalent cations (Ca 2+ , Mg 2+ ) in soil may be argued for raising the soil pH. Reports also showed that on an average about 15 t ha -1 green jute leaves are added into a field, which adds nearly 22 kg Ca to the soil. The electrical conductivity (EC) of the soil varied from 0.16 to 0.23 dS m -1 (Table 3) . Continuous application of fertilizers and organic manures for 42 years in jute-rice-wheat cropping system resulted in significantly higher soil organic carbon (SOC) content over control. Application of fertilizers alone or in combination with organic manure has also increased the SOC content in surface soil by 62% to 112% over the initial value. The higher stubble and root biomass retention with concomitant higher yields in fertilized plots might have improved SOC in surface soil. The lowest SOC in unmanured/ unfertilized control (5.60 g kg -1 ) may be attributed to lower residue return to the soil. Similar results of build up of SOC in long term fertilizer experiments due to continuous cropping and combined use of chemical fertilizers and manures were also reported earlier (Rudrappa et al., 2006; Walia et al., 2010) . SOC concentration in the surface soil under all the treatments except control and 100% NPK+FYM were statistically at par. Soil available N, P and K contents were significantly affected by different fertilization treatments (Table 3) . Available N status of the soil increased to 270 kg ha -1 in control plot from initial value of 223 kg ha -1 after wheat harvesting. Long term manure application along with chemical fertilizers led to significantly higher values of soil available N compared to other fertilization treatments. Increase in soil available N and available P due to long-term use of organic manure have also been reported by several other researchers (Motavalli and Miles, 2002 , Shahid et al., 2013 and Shahid et al., 2015 . It was observed that under no fertilizer control (T 10 ) and P-omitted plots, available P in the surface soil decreased from the initial value of 41.5 kg ha -1 to 40.7 kg ha -1 while it increased under all other treatments. Higher soil P status may be due to lower utilization of P by the crop from applied sources, which resulted in build up of P in the soil. Decomposition of organic manure (FYM) produced various organic acids which solubilize phosphate and other phosphate bearing minerals and thereby increase P availability in soil (Verma et al., 2005; Urkurkar et al., 2010) . Increased availability of K with 100% NPK+FYM application might be due to the direct addition of K to the available pool of the soil, mineralization of organic sources and solubilization from native sources during the decomposition (Subehia and Sepehya, 2012) . The soil available K in 150% NPK was statistically at par with 100% NPK+FYM treatment and was significantly greater than other treatments. The available K content in control plot did not differ from the T 6 (100% NP) and T 7 (100% N) treatments and a slight reduction (nearly 2.6 to 8.9%) from the initial level of available K status was observed in these treatments, respectively. Forty two years of continuous cropping, fertilization and manuring resulted in depletion of DTPAextractable Zn, Fe, Cu and Mn (Table 4) . DTPA extractable Zn in the soil under different treatments ranged from 0.46 to 1.11 mg kg -1 . The observed decrease in Zn in soil from its initial level might be due to the higher uptake of Zn by crops associated with higher crop yield. Relatively higher values of DTPAextractable Zn in FYM amended plots could be ascribed to the better supply of Zn by conversion of less soluble fractions of Zn to more plant-available fractions resulting from the addition of organic matter in the form of FYM. There was significant difference among the treatments with respect to DTPAextractable Fe content in the soil after wheat harvest and it varied from 17.7 to 26.8 mg kg -1 . This decline in DTPA-extractable Fe with continuous cropping has occurred because of Fe removal by successive crops from the native reserve of this micronutrient cation. The results are in accordance with those reported earlier by Singh et al. (1995) and Behera et al. (2009) . Behera et al. (2009) reported that available Fe content declined in all the treatments from the initial level of 10.6 mg kg -1 , as a result of continuous cropping and fertilization for 32 years. The magnitude of depletion ranged from 3.82 mg kg -1 to 4.89 mg kg -1 under various treatments. In addition to this, it was also reported that available Mn in surface soil declined from the initial level of 20.0 mg kg -1 recorded in 1971. The reduction ranged from 1.22 to 3.99 mg kg -1 at pre maize and 0.15 to 3.92 mg kg -1 at post wheat stages. The DTPA-extractable Fe and Mn declined from their respective initial (1971) values as a result of continuous cropping and fertilizer application. This is ascribed to the continuous uptake by the crops over the years in addition to their non-replenishment in the form of fertilizers. The lowest and highest amounts of available Fe were recorded under the no-fertilizer conrtol (17.7 mg kg -1 ) and 100% NPK+FYM (26.8 mg kg -1 ) respectively. Results showed that DTPA extractable Fe content reduced by more than 50% in control as compared to the initial value of 31 mg kg -1 and the reduction was less in NPK and NPK+FYM treatments. This might due to the fact that fertilizers like SSP contains considerable Fe as contaminant and incorporation of the same in the field might have helped in checking the diminishing trend of Fe for NPK treated plots. DTPA extractable Mn in the soil under different treatments varied from 6.36 to 7.33 mg kg (2016) ments including control decreased appreciably over its initial value of 60 mg kg -1 (Table 4 ). The decrease in Mn status of soil over its initial status could be due to repetition of same cropping system year after year thus creating favourable condition for Mn 2+ oxidizing bacteria or fungi leading to quick depletion of Mn in the rhizosphere zone. This finding is in agreement with the 1797 Fig. 1 . Effects of different treatments on mean nutrient uptake of jute, rice and wheat over 42 years (1971-2013) .
results reported by Nambiar (1994) . Nambiar (1994) reported that a marked reduction in available Mn was noted on both Ustochrepts (Delhi) and VerticUstochrepts (Coimbatore), the magnitude of which amounted to 54% and 59%, respectively. Data reported in Table 4 revealed that there was slight increase in the Cu content in FYM ammended plots over its initial value which could due to the chelating action of organic compounds released during decomposition of FYM, which increased the availability of micronutrients by preventing fixation. DTPA-extractable Cu in soil under all the treatments remained more or less similar to the initial value of 3.6 mg kg -1 which might be due to continuous addition of nutrients as contaminants through the fertilizers. Mean values of all the soil biological properties are given in Table 5 . Microbial biomass carbon in the soil varied from 221 to 435 mg kg -1 , with the highest value recorded under the 100% NPK+FYM treatment and the least in the control plots. These results are in line with the findings of Masto et al. (2006) and Nayak et al. (2012) . Masto et al., 2006 reported that application of FYM along with NPK significantly increased the MBC over NPK alone and it increased from 200 to 303 mg kg -1 . Similarly Nayak et al. (2012) also stated that continuous application of FYM along with NPK resulted in a significantly higher soil MBC over NPK at all four locations. The ratio of MBC to organic carbon (microbial quotient) provides a measure of organic matter dynamics (Anderson and Domsch, 1989; Carter, 1991) . Microbial quotient was lowest in no fertilizer and no manure control (3.95) and the highest under 100% NPK+FYM treatment (4.89). Dehydrogenase, FDA hydrolase, acid and alkaline phosphatase activities in the soil varied from 2.8 to 7.1mg TPF g -1 soil 24 h -1 , 10.9 to 19.0 µg fluorescein g -1 soil h -1 , 139 to 275 and 479 to 616µg p-nitrophenol g -1 soil h -1 , respectively (Table 5) . Correlation study: A cor r elation matr ix (Table 6) developed among different soil properties showed that organic C content was positively and significantly correlated with DTPA-Zn (r = 0.85**), DTPA-Mn (r = 0.90**), DTPA-Fe (r = 0.82**) and DTPA-Cu (r = 0.77**). A significant relationship of soil organic C and DTPA-extractable Zn, Cu, Fe and Mn in soil supports the findings of Follet and Lindsay (1970) which explains the complexing agents generated by organic matter and their effect in increasing the micronutrient mobility/or plant availability. DTPA-Zn, Mn, Fe and Cu did not show any relationship with pH which was in line of the findings of Pati and Mukhopadhyay (2011) and Behera and Shukla (2013) . This indicates that distribution of available micronutrient cations are not affected by soil pH. MBC is regarded as one of the most sensitive indicators of the sustainability of the system. In this study, MBC (r = 0.97**) was found to be significantly correlated with organic C. Increase in stubbles and root mass increased the OC content which dictated the trend of soil MBC due to higher substrate availability of the microorganisms. Positive correlation observed between FDA and MBC (r = 0.90**) and organic C (r =0.85**) indicates the improvement in soil quality and similarly DHA showed significant correlation with microbial biomass C (r = 0.92**) and organic C (r =0.84**)
Conclusion
Results of the present study revealed that the recommended doses of NPK fertilizers (60 kg N, 13 kg P and 50kg K per hectare for jute, 120 kg N, 26 kg P, 50kg K per hectare for rice and wheat) alone are inadequate to sustain productivity of jute-rice-wheat system of IndoGangetic plain and application of organic manures like FYM (10 tons ha -1 ) is important for achieving the same. Combined/ integrated use of chemical fertilizers and organic manure maintains optimum physical, chemical and biological properties of the soil under intensive cropping. 
